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FOREWORD 
The Regional  Issues P r o j e c t  a t  I IASA i s  err~phasiz ing dynamic aspects  o f  
processes and p o l i c i e s  i n  s p a t i a l  development. A  ma jo r  component i n  t h i s  
e f f o r t  comprises t h e  a n a l y s i s  o f  t h e  r o l e  t h a t  m e t r o p o l i t a n  r e g i o n s  p l a y  
i n  n a t i o n a l  economies and i n  t h e  w o r l d  economy as p laces f o r  R&D a c t i v i t i e s ,  
and b i r t h p l a c e s  o f  i n n o v a t i o n s  and t e c h n o l o g i c a l  renewal .  
T h i s  paper focuses s p e c i f i c a l l y  on knowledge and c r e a t i v i t y  i n  a  
s p a t i a l  c o n t e x t  as  p r e r e q u i s i t e s  f o r  t h e  development o f  new p roduc ts  and 
p r o d u c t i o n  processes,  and as a  fundamental f a c t o r  i n  Schumpeter 's v iew o f  
economic change as a  process o f  c r e a t i v e  d e s t r u c t i o n .  The a n a l y s i s  focuses 
on t h e  concept  o f  " c r e a t i v e  r e g i o n s " ,  represented,  e.g., by  t h e  contempo- 
r a r y  San F r a n s i s c o  Bay Area as w e l l  as  t h e  Shinkansen and M i l a n o  r e g i o n s .  
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A c t i n g  Leader 
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ABSTRACT 
I n  t h i s  paper, research  and devel opment, knowledge and c r e a t i v i t y  a r e  
analyzed w i t h i n  t h e  c o n t e x t  o f  economic development t heo ry .  I t  i s  demon- 
s t r a t e d  t h a t  s i z e  and s p a t i a l  s t r u c t u r e  p l a y  an impo r tan t  p a r t  i n  t h e  
c r e a t i v e  process. Furthermore, i t  i s  argued t h a t  o n l y  a  ve r y  1  i m i t e d  
s e t  o f  p o l i c y  conc lus i ons  can be drawn f rom non-spa t ia l  t h e o r i e s  o f  
R & D. 
A v i t a l  concept  i s  t h e  " c r e a t i v e  reg ion" ,  o f  which v e r y  few examples 
a r e  encountered i n  each h i s t o r i c a l  pe r iod .  H i s t o r i c a l  ly,  Vienna stands 
o u t  as an i n t e r e s t i n g  example. Today, r eg ions  such as t h e  San Franc isco  
Bay Area, Shinkansen, and Mi lano  would be o f  p o t e n t i a l  i n t e r e s t  f o r  c l o s e r  
s c r u t i n y  as p o s s i b l e  c r e a t i v e  reg ions .  
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. v i i  . 
CREATIVITY AND REGIONAL DEVELOPMENT 
ake E. Andersson 
1 . INTRODUCTION 
Since t he  days of Schumpeter and h i s  Theory of Economic Development, 
l i t t l e  has been w r i t t e n  on t h e  i n t e r a c t i o n s  between economic and t echno log i ca l  
development. Th i s  i s  a l l  t h e  more s u r p r i s i n g  s i nce  bo th  have been spec tacu la r  
i n  t h i s  cen tu ry .  
Schumpeter's major  c o n t r i b u t i o n  was t o  subd iv ide  economic a c t i v i t y  i n t o  
two behav io ra l  l y  d i s t i n c t  branches: ( 1  ) a general  e q u i l  i br ium o r  c i r c u l a r  
f low branch o f  t he  economy, and ( 2 )  a d i s e q u i l i b r i u m  o r  development branch. 
Schumpeter argued t h a t  t h e  general  e q u i l i b r i u m  branch o f  t h e  economy 
tends t o  be p r o f i t  f r ee ,  because i t  ho lds  no s u r p r i s e s  and i s  founded on 
" r a t i o n a l  expec ta t ions" .  I n  an economy w i t h  f r e e  e n t r y  and e x i t ,  p r o f i t s  
tend t o  go hand i n  hand w i t h  t echno log i ca l  and economic development. 
It i s  t h e  i n t e n t i o n  of t h i s  paper t o  rev iew t h e  r o l e  o f  t echno log i ca l  
development i n  s o c i a l  and economic development and t o  add some c o n t r i b u t i o n s  
t o  ou r  understanding o f  t h e  mechanisms o f  c r e a t i v i t y  as a key f a c t o r  i n  
economic development. The paper i s  w r i t t e n  i n  a neo-Schumpeterian s p i r i t .  
TECHNOLOGICAL KNOWLEDGE, R & D, AND INTERREGIONAL COMPETITION 
Knowledge i s  a p recond i t i on  f o r  a l l  forms o f  p roduc t ion .  I n  t h e  
1 i t e r a t u r e ,  expansion o f  the  s tock  o f  knowledge i s  o f t e n  c a l l e d  research 
and development (R & D). R & D i s  bo th  a q u a n t i t a t i v e  k i n d  o f  investment 
which i s  v i t a l  f o r  a l l  modes o f  product ion,  and a qua1 i t a t i v e  f a c t o r  f o r  
changing t he  c h a r a c t e r i s t i c s  o f  products .  
The aim o f  R & D i s  t o  c r e a t e  new products  f o r  an economy as w e l l  as 
new and b e t t e r  methods f o r  producing e x i s t i n g  products .  S tud ies  o f  t h e  
i n t e r n a t i o n a l  compet i t i veness  o f  developed economies i n d i c a t e  t h a t  technolo-  
g i c a l  R & D i s  o f  utmost importance. I n  a  system o f  open reg ions,  t h e r e  i s  
no fundamental d i f f e r e n c e  between competing i n  t h e  domestic market and 
competiug on o t h e r  markets.  The consequence o f  i n c r e a s i n g  R & D assoc ia ted  
w i t h  a  sec to r  o f  p roduc t ion  norma l l y  f i r s t  improves t he  c a p a c i t y  o f  t h a t  
sec to r  t o  compete w i t h  impor ted commodit ies. I f  R & D investments i n  a  
c e r t a i n  commodity group become very  l a r g e  compared t o  o t h e r  producer reg ions  
it i s  a f t e r  some t ime  p robab le  t h a t  o t h e r  r eg iona l  markets w i l l  be captured 
w i t h  e x p o r t  su rp lus  as a  consequence. Th is  argument i s  i l l u s t r a t e d  i n  
F igu re  1. 
Production in 
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I 
b 
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Figure  1  . Fundamental r e l a t i o n s h i p  between spec ia l  i z a t i o n  and re1  a t i v e  
R & D investments .  
A r e l a t i v e l y  l a r g e  research and development e f f o r t  can (accord ing  t o  
t h i s  f i g u r e )  generate a  s u b s t a n t i a l  comparat ive advantage f o r  t he  reg ion  
o r  coun t r y  embarking on a  g iven  comparat ive R & D s t r a t e g y .  The response 
i s ,  however, h i g h l y  assymmetrical i n  most cases. Each r e g i o n  tends t o  be 
smal l  compared t o  t he  t o t a l  p roduc t ion  c a p a c i t y  f o r  a  commodity. Th is  
means t h a t  a  h i gh  l e v e l  o f  R & D expend i tu re  on a  c e r t a i n  commodity 
r e l a t i v e  t o  o t h e r  r eg ions  must be o f  a  ve ry  temporary na tu re .  I t  i s  
ve ry  easy f o r  t h e  surrounding wo r l d  t o  coun te rac t  w i t h  l a r g e r  R & D 
e f f o r t s ,  w h i l e  b u i l d i n g  on t h e  l e v e l  o f  knowledge a l r eady  achieved. 
The general  p o s i t i v e  c o r r e l a t i o n  between R & D and improvements i n  
i n t e r n a t i o n a l  compet i t i veness  has been t e s t e d  ex tens i ve l y .  Table 1  
g ives  a  general response p a t t e r n  f o r  Swedish b u i l d i n g  m a t e r i a l s  i n  terms 
o f  R & D a c t i v i t i e s  and i n t e r n a t i o n a l  compet i t iveness.  
TABLE 1. The l e v e l  and change o f  i n t e r n a t i o n a l  compet i t iveness and 
R & D i n t e n s i t y  o f  Swedish b u i l d i n g  m a t e r i a l  i n d u s t r i e s  
d u r i n g  t h e  1970s. 
* A h igh  R & D share i s  d e f i n e d  t o  be a  s i t u a t i o n  w i t h  more than  3.5 
percent  o f  t he  va lue  added devoted t o  R & D. 
Expor t  su rp lus  
1981 
Impo r t  su rp lus  
1981 
To ta l  
Source: SOS, Fdretagen 1977 och SOS, U t r i  keshandel and SOS, I n d u s t r i  , 
1  968-1 981 . 
Improved i n t e r -  
n a t i o n a l  compe- 
t i t i veness  
1968- 1981 
Four o u t  o f  e i g h t  
b u i l d i n g m a t e r i a l  - 
i n d u s t r i e s  w i t h  
h i gh  R & D share* 
Two o u t  o f  f i v e  
w i t h  h i g h  R & D 
13 
S tab le  o r  d e t e r i o -  
r a t e d  i n t e r n a t i o n a l  
compet i t iveness 
1968-1 981 
One o u t  o f  t e n  w i t h  
h i gh  R & D 
None o u t  o f  t e n  w i t n  
h i gh  R & D 
2 0  
To ta l  
18 
15 
33 
i 
This tab le  shows t h a t  R & D i s  o f  importance f o r  competi t iveness 
i r r e s p e c t i v e  o f  the expo r t  p o s i t i o n  o f  a  commodity group. I t  a1 so shows 
t h a t  almost none o f  t he  commodity groups w i t h  a  low r e l a t i v e  l e v e l  o f  
R & D could improve t h e i r  compet i t i ve  p o s i t i o n  du r ing  the  per iod  o f  
study. The l o s s  o f  a  c e r t a i n  market w i l l  f o l l o w  another and more 
ca tas t roph ic  t r a j e c t o r y .  
The r e l a t i o n  i n  F igure 1  i s  very hard t o  t e s t  e m p i r i c a l l y ,  because 
o f  the scant data on R & D p o l i c i e s  over longer  per iods o f  t ime. Discussions 
w i t h  researchers i n  the Swedish drug indus t ry ,  however, i n d i c a t e  t h a t  f o r  
these s h o r t - l i v e d  comniodities the general response p a t t e r n  seems t o  f o l l o w  
the  assymmetrical compet i t ion  curve -in F igure 1. 
3. SOME FUNDAMENTAL CHARACTERISTICS OF R & D 
One .o f  the fundamental problems w i t h  R & D i s  the  unce r ta in t y  o f  ne t  
re tu rns ,  namely the  revenues and cos t  t o  be expected. R & D i s  by d e f i n i -  
t i o n  an a c t i v i t y  w i t h  unce r ta in  r e s u l t s .  Research and development i s  
designed t o  c rea te  new in fo rmat ion  and the re fo re  i t  i s  impossible t o  make 
fo recas ts  about t he  outcome w i t h  the  same degree o f  c e r t a i n t y  as i s  o f t e n  
possib le w i t h  ma te r i a l  investments. I t  i s  obvious t h a t  these problems o f  
unce r ta in t y  increase w i t h  the  degree o f  basic  ana lys is .  
A fundamental breakthrough i s  an extremely r a r e  event i n  research. 
This means t h a t  more fundamental research necessi tates l a r g e r  research 
u n i t s  i n  order  t o  generate an even f l o w  o f  r e s u l t s ,  thereby j u s t i f y i n g  
a  con t i nua t i on  o f  the research a c t i v i t y .  
The research process i s  o f t e n  looked upon as "a search i n  t he  fog" 
f o r  hidden r e l a t i o n s  and unknown s t ruc tu res .  Th is  i s  a  reason why research 
t h a t  sets o u t  t o  so lve problems w i t h i n  one area o f t e n  generates sol  u t i ons  
t o  problems t h a t  were no t  de f ined a t  t he  ou tse t .  This  tendency t o  solve 
the  "wrong" problems i s  a  very s t rong argument f o r  t he  ex is tence of 
economies o f  scale o f  another form i n  R & D a c t i v i t i e s .  While the  f o r m a l l y  
def ined unce r ta in t y  generates a  need f o r  a  l a rge  R & D volume there  i s  a1 so 
a  need t o  develop some k-ind o f  ho r i zon ta l  i n t e g r a t i o n  o f  i n d u s t r i a l  R & D 
a c t i v i t i e s .  
Apart from the  economies o f  sca le  caused by uncer ta in ty ,  there are  
a l so  convent ional reasons f o r  opera t ing  research and development a c t i v i t i e s  
on a  l a r g e  scale. I n d i v i s i b i l  i t i e s  are extremely pronounced i n  technological  
R & D. The use o f  s p e c i a l i s t s  and l a b o r a t o r y  equipment o f t e n  r e q u i r e s  
a  l a r g e  and s t a b l e  research  a c t i v i t y .  Problems o f  i n d i v i s i b i l i t i e s  may 
inc rease  cons ide rab l y  i f  t h e r e  i s  a  need f o r  d i v e r s i f i e d  competence 
among members o f  t h e  research  team. 
The economies o f  sca le ,  due t o  u n c e r t a i n t i e s  o r  resource  i n d i v i s i -  
b i  1  i ty, c r e a t e  p rob l  ems which c o n f r o n t  a1 1 research  and devel  opment 
a c t i v i t i e s .  The e f f e c t  o f  economies o f  s c a l e  on R & D expend i tu res  can 
be i l l u s t r a t e d  w i t h  e m p i r i c a l  m a t e r i a l .  Table  2  s u m a r i z e s  t h e  r e l a t i o n  
between s i z e  and r e l a t i v e  R & D e f f o r t  i n  Swedish companies engaged i n  
manufac tu r ing  i n d u s t r y .  
TAaLE 2. The r e l a t i o n  between s i z e  o f  f i r m s  and R & D expend i tu res  as 
per  c e n t  share o f  va lue  added. 
S i ze  o f  company R & D expend i tu res  S i z e  group share o f  
i n  r e l a t i o n  t o  t o t a l  i n d u s t r i a l  
va lue  added R & D expend i tu res  
Less than  
100 employed 
Between 100 and 
500 employed 
More than  
500 employed 
0.35 percent  
1  .50 percen t  
7.70 percen t  
1 .0  percent  
5.0 percent  
94.0 percent  
Source: Svensk I n d u s t r i e l l  U t veck l i ng ;  Faktabakgrund och Framtidsbedbmningar, 
Sekt ionen f b r  Samhl l l  sekonomi FOA 1 , STU i n f o r m a t i o n  n r  162-1 979. 
One message f rom t h i s  t a b l e  i s  ex t reme ly  c l e a r .  The l a r g e r  manufac- 
t u r i n g  f i r m s  i n  Sweden have an R & D ou tpu t  r a t i o  twen ty  t imes l a r g e r  than 
t h e  sma l l es t .  
4.  COLLECTIVITY OF PRIVATE R & D 
Research and development can be regarded as investments  i n  know1 edge 
expansion. Convent iona l  methods f o r  t h e  e v a l u a t i o n  o f  p r o f  i t a b i  1  i t y  o f  
m a t e r i a l  investments  may a l s o  be use fu l  i n  e v a l u a t i n g  t h e  p r o f i t a b i l i t y  
o f  R & D investments.  I t  i s  easy t o  show t h a t  t h e  use o f  a  common 
p r i c e  o f  c a p i t a l  and a  common r a t e  o f  i n t e r e s t  i n  combinat ion w i t h  t h e  
market system f o r  dec i s i on  making i s  compat ib le  w i t h  maximum s o c i a l  
e f f i c i e n c y  i n  t he  a l l o c a t i o n  o f  m a t e r i a l  investment  resources.  However, 
i t  i s  a l s o  poss ib l e  t o  show t h a t  use o f  t h e  same market  p r i n c i p l e s  f o r  
dec i s i ons  about  a l l o c a t i o n  o f  R & D investments i s  n o t  compat ib le  w i t h  
maximum s o c i a l  e f f i c i e n c y .  
We w i l l  assume t h a t  an i n d i v i d u a l  company wants t o  maximize i t s  
p r o f i t s  by an op t ima l  a1 l o c a t i o n  o f  t h e  c a p i t a l  under i t s  c o n t r o l .  We 
o b t a i n  the  o p t i m i z a t i o n  prbblem 
max q i ( ~ i  ,GI ,..., Gi ,... ,Gn) - rKi  - p6. = p r o f i t  , 
1 
where Ki denotes m a t e r i a l  and Gi knowledge c a p i t a l  i n  f i r m  i, Qi i s  a  
p r o f i t  f unc t i on ,  r i s  t h e  c o s t  o f  c a p i t a l ,  and p  i s  t h e  r a t e  o f  i n t e r e s t .  
.The necessary c o n d i t i o n s  f o r  a  p r o f i t  maximum a r e  t h a t  t h e  f i r m  
a l l o c a t e  i t s  p o t e n t i a l  c a p i t a l  and knowledge so as t o  f u l f i l l  t h e  
f o l l o w i n g  cond i t i ons :  
Maximizing t h e  sum of p r o f i t s  over  t h e  t o t a l  economic system irnpl i es :  
-
rnax E Q.(K.,G1 ,..., Gi ,..., 6,) - rZ Ki  - pT Gi 
. i 1 1  i i 
The necessary c o n d i t i o n s  f o r  a  s o c i a l  maximum a r e  no t  t h e  same as 
the  p r i v a t e  p r o f i t  maximi z i ng  r u l e s :  
a Q 
- r = 0 ; i = n )  and 
These c o n d i t i o n s  show t h a t  o n l y  p r o f i t  maximizat ion i n c l  udes an 
a n a l y s i s  of t h e  consequences o f  R & D investments upon t h e  i n v e s t i n g  f i r m  
i t s e l f .  Th is  i s  done i n  a  s i t u a t i o n  when a  d e c i s i o n  t o  i n v e s t  i n  new know- 
ledge can be assumed t o  be o f  g r e a t  va lue  t o  o t h e r  agents i n  t h e  system. 
Wi th  a  p r i v a t e  p r o f i t a b i l i t y  c a l c u l a t i o n ,  one would i n  most cases under- 
es t imate  t he  t o t a l  e f f i c i e n c y  o f  t he  R & D investment.  
There i s  ample evidence t h a t  such an a n a l y s i s  ho lds  t r u e  i n  t h e  r e a l  
wor ld .  I n  a  sample o f  37 i nnova t i ons  covered by an American study, i t c o u l d  
be shown t h a t  t h e  average p r o f i t a b i l  i t y  c a l c u l a t e d  f o r  a l l  companies i s  
approx imate ly  t h r e e  t imes as l a r g e  as company i n t e r n a l  p r o f i t a b i l  i t y  (Table 3 ) .  
The l a r g e  d i f f e r e n c e  between s o c i a l l y  and p r i v a t e l y  de f ined  p r o f i t a b i l i t y  
i s  a  s t r ong  argument f o r  u s i n g  some k i n d  o f  p u b l i c  cos t - sha r i ng  system. 
Th is  does n o t  imp l y  t h a t  research and development a c t i v i t i e s  ought t o  be 
executed by p u b l i c  i n s t i t u t e s .  The o n l y  i m p l i c a t i o n  i s  t h a t  R & D i n v e s t -  
ments should i n  one i n s t i t u t i o n a l  form o r  another  be subs id ized  o r  o therw ise  
promoted by s o c i e t y .  
'The c l a s s i c a l  method t o  reduce t he  c o n f l  i c t  between i n d i v i d u a l  cos ts  
and pub1 i c  revenues f rom R & D i s  t o  employ some pa ten t  o r  1  i cens ing  
system. I n  t h i s  way, companies t r y  t o  secure some o f  t he  p r o f i t s  o f  t h e i r  
development o f  new knowledge. Patents  and secrecy measures do n o t  seem 
t o  be f r e q u e n t l y  used a t  t he  p r i v a t e  o r  a t  the  s o c i e t a l  l e v e l  o f  R & D 
po l  i c y  making. Through pa ten ts  and secrecy s o l u t i o n s  much of t h e  p u b l i c  
bene f i t s  o f  R & D can be l o s t .  The conc lus ion  o f  t h i s  d i scuss ion  i s  t h a t  
any w e l l  organized government must subs id i ze  s o c i a l l y  b e n e f i c i a l  R & D, 
wherever i t  i s  performed. 
5. OPTIMAL R & D POLICY AT THE MACRO LEVEL 
A macro-economic R & D p o l i c y  i s  obv ious l y  needed f o r  t h e  share o f  
R & D i n  t o t a l  resource use t o  become op t ima l .  Th i s  can be regarded 
as a  problem o f  de te rmin ing  t h e  op t ima l  share of investment  funds t o  
be a l l o c a t e d  t o  R & D. 
I f  one assumes t h a t  an agreement has been reached on how t o  d i s t r i b u t e  
t h e  cos t s  of R & D, then t h e  " l e v e l "  must be decided. Th is  cou ld  be 
approached as a  problem of de te rmin ing  a  r a t e  o f  t a x a t i o n  (T) f o r  R & D 
f i n a n c i n g  o u t  o f  t o t a l  investment resources.  I fu r thermore  assume t h a t  t h e  
l e v e l  of p roduc t ion  i s  determined i n  a  "pu t t y - c l ay "  fashion. Th is  means 
t h a t  t h e  growth of p roduc t i on  i s  determined by t he  equat ion  
TABLE 3. Soc ia l  and company i n t e r n a l  p r o f i t a b i l i t y  o f  37 d i f f e r e n t  
R & D p r o j e c t s .  
R & D p r o j e c t  Percen t  age p r o f i t  ab i 1 i t y  
Soc i  a1 Company i n t e r n a l  
Pr imary  me ta l s  i n n o v a t i o n  17 
Machine t o o l  i n n o v a t i o n  83 
Components f o r  c o n t r o l  
systems 2  9  7  
C o n s t r u c t i o n  m a t e r i  a1 96 9  
D r i l l i n g  m a t e r i a l  54 16 
D r a f t i n g  i n n o v a t i o n  92 4 7 
Paper i nnova t  i o n  8 2 4  2 
Thread i nnova t  i o n  30 7 2 7 
Door -con t ro l  i nnova t  i o n  27 3 7 
Chemical p roduc t  7  1 9 
Chemical process A 3 2 25 
Chemical brocess B 12 
Major  chemica l  process 5 6 
Household C lean ing  dev i ce  209 
S t a i n  remover 116 
Dishwashing l i q u i d  45 
I n d u s t r i a l  p roduc t  A 6 2  
I n d u s t r i  a1 p roduc t  B n e g a t i v e  
I n d u s t r i a l  p roduc t  C 116 
I n d u s t r i a l  p roduc t  D  23 
I n d u s t r i a l  p roduc t  E  37 
I n d u s t r i a l  p roduc t  F 1 6 1  
I n d u s t r i a l  p roduc t  G 12 3 
I n d u s t r i  a1 p roduc t  H  104 
I n d u s t r i  a1 p roduk t  1 113 
I n d u s t r i  a1 p roduc t  J 9 5 
I n d u s t r i a l  p roduc t  K 472 
I n d u s t r i a l  p roduc t  L n e g a t i v e  
I n d u s t r  i a1 p roduc t  M 2 8 
I n d u s t r i a l  p roduc t  N 62 
I n d u s t r i a l  p roduc t  0 178 
I n d u s t r i a l  p roduc t  P 144 
I n d u s t r i a l  p r o d u c t  R 103 
I n d u s t r i a l  p roduc t  S 2 9 
I n d u s t r i a l  p r o d u c t  T 198 
I n d u s t r i  a1 p roduc t  U 20 
4  
46 
3 1 
n e g a t i v e  
55 
0 
9 
40 
24 
n e g a t i v e  
Median v a l u e  70 25 
Source: Beards ly ,  e t  a l . ,  Soc ia l  and P r i v a t e  Rates o f  Return f rom I n d u s t r i a l  
Innova t ions ,  Q u a r t e r l y  Journal  o f  Economics, May 1977, p. 221. 
where 
AQ = Q - Q-l = growth of production between two consecutive periods of 
time, 
I = rate of material capital accumulation (net investment), 
R r AG = rate of knowledge accumulation (research and development 
investment) , 
f = a continuously differentiable, strictly concave growth function. 
The rate of investment is determined by a Keynesian investment func- 
t ion: 
where 
I = rate of investment, 
s = savings (investment) ratio, 
T = R b D-taxation ratio, 
-1 = rate of production in the preceding period. 
The rate of knowledge accuinulation is determined by the simplified 
function 
where g is the productivity of the R & D-producing sector. Optimizing 
the rate of accumulation of knowledge and capital can be effected by 
formulating the Lagrangian 
max A = f(1,R) - A~(I-S(I-T)Q-~) - AR(9-g~Q-l) . 
I R ,  1 S T )  
Conditions for a maximum are 
A t  t h e  optimum, t h i s  i m p l i e s  t h a t  t h e  c o n d i t i o n  
must ho ld .  
We can now fo rumu la te  a  go lden r u l e  o f  t a x a t i o n  f o r  R & D:  
The r a t e  o f  t a x a t i o n  f o r  accumulat ion o f  knowledge should  be 
a d j u s t e d  so t h a t  t h e  r a t i o  between t h e  r a t e  o f  sav ings and t h e  
marg ina l  p r o d u c t i v i t y  o f  t he  R & D-sector  equa ls  t h e  r a t i o  
between mara ina l  arowth e f f e c t s  o f  investments  and o f  R & D. 
F i g u r e  2. Determina t ion  o f  t he  op t ima l  r a t e  o f  t a x a t i o n .  
This model of optimal R 4 D can be i l lus t ra ted  in a pedagogical diagram. 
Figure 2 depicts how the propensity to save, the productivity of the R & D- 
sector and the growth function properties joint ly determine the optimal rate 
of taxation. 
I t  i s  clear tha t  any increase in the savings ra t io  or the productivity 
of the R & D sector nust increase the rate  of growth. What will happen to  
the optimal rate  of taxation i s  unclear. I n  order to assess the importance 
of the possiblit ies of substitution, we assume the growth function t o  be 
of the CES-form: 
I f  growth i s  regulated by a CES-function, the optimal rate  of taxation 
i s  determined by the equation: 
The following proposition can then be formulated: 
Proposition: Given a CES growth function, investment function ( 2 )  and 
R & D-function ( 3 ) ,  the optimal rate  of taxation T for  R & D will decrease 
with an increasinq (s /g)  i f  the e l a s t i c i ty  of substitution i s  greater than 
one. The opposite resul t  holds i f  the e l a s t i c i ty  of substitution i s  less 
than one. 
6. REGIONAL GENERALIZATION OF THE MODEL OF R & D AND GROWTH 
The regional dimension i s  extremely important in a l l  studies of public 
goods. Collectively without spatial restr ic t ion i s  extremely rare (1  ike 
wor ld  peace and o t h e r  'goods'  o f  t h i s  k i n d ) .  Knowledge i s  q u i t e  
d i f f e r e n t .  The a v a i l  a b i l  i t y  o f  t echno log i ca l  i n f o r m a t i o n  i s  c l e a r l y  
g r e a t e r  a t  s h o r t e r  r a t h e r  than  l onge r  d is tances .  A c c e s s i b i l i t y  i s  a  
reasonable way o f  r ep resen t i ng  t he  economic e f f e c t s  o f  the  s p a t i a l  
d i s t r i b u t i o n  o f  a  pub1 i c  good l i k e  t echno log i ca l  knowledge. A  
general  r ep resen ta t i on  i s  g iven  by 
where 
ar 
= a c c e s s i b i l i t y  f rom r e g i o n  r, 
h ( d  ) = a  non- inc reas ing  f u n c t i o n  o f  t h e  d i s t a n c e  f rom r e g i o n  r t o  r s  r e g i o n  s  (drs LO), 
s  
= l e v e l  o f  knowledge i n  r e g i o n  s. 
A r eg iona l  growth process ( w i t h  an op t ima l  o r  non-optimal T )  can now 
be formulated:  
w i t h  
A  theorem by N i ka ido  can be used t o  prove t h e  ex i s tence  of a  
balanced growth so l  u t  i o n  f o r  t h i s  system (Nika ido,  1965).  Simul a- 
t i o n s  w i t h  t h i s  model have shown t h a t  i t  i s  r e l a t i v e l y  s t a b l e  
f o r  any s e t  o f  neo-c lass ica l  p roduc t ion  f u n c t i o n s .  
By l i n e a r i z i n g  t h e  system, i t  has been shown (Andersson and Mantsinen, 
1980) t h a t  
( a )  a  decrease of any d i s tance  increases t he  balanced r a t e  o f  growth 
o f  a l l  reg ions;  
( b )  an increase o f  any reg iona l  r a t e  o f  sav ings increases t h e  r a t e  
o f  growth o f  a l l  reg ions;  and 
( c )  t he  s t r u c t u r e  o f  p roduc t i on  general  1 y  changes w i t h  changing 
research p r i o r i t y  and reg iona l  investment p r i o r i t i e s .  
The most i n t e r e s t i n g  p r o p e r t y  o f  these models i s  t h e i r  tendency t o  
t r ans fo rm  s p a t i a l  d i s t ances  i n t o  t ime lags .  
Growth r a t e s  o f  pe r i phe ra l  reg ions  g e n e r a l l y  inc rease  a t  a  l a t e r  
stage than  growth r a t e s  o f  c e n t r a l l y  l o c a t e d  reg ions .  Th i s  imp1 i e s  
t h a t  an increase i n  the  general  research p r i o r i t y  r a t i o  ( o r  t a x  r a t i o ) ,  
T ,  normal l y  leads t o  i nc reas ing  reg iona l  d i s p a r i t i e s .  
Most of t h e  economic a c t i v i t y  l oca ted  i n  pe r i phe ra l  r eg ions  i s  
sma l l -sca le  o r  based on n a t u r a l  resources. A tendency f o r  these reg ions  
t o  l a g  behind i n  terms o f  bene f i t s  f rom techno log i ca l  development i s  
thus combined w i t h  a  lower-than-average research p r i o r i t y  i n  t h e  n a t u r a l  
resource  sec to r s  and i n  t h e  smal l  f i rms  dominat ing such pe r i phe ra l  
reg ions .  
7. CREATIVITY AND R & D - MICRO ANALYTICAL CONSIDERATIONS 
The problem o f  techno1 o g i c a l  development and t h e  i n t e r a c t i o n  between 
t h e  f o rma t i on  o f  new knowledge and economic development has been d iscussed 
a t  t he  macro-economic 1  eve1 i n  p rev ious  sec t i ons .  Th i  s  s e c t i o n  o f f e r s  
a  modest c o n t r i b u t i o n  t o  o u r  understanding of c r e a t i v i t y  and s o c i a l  and 
economic development a t  t h e  m ic ro  sca le  and a t  t h e  h i ge r ,  i n t e r a c t i v e  
meso sca le  o f  an i n d i v i d u a l  reg ion .  
It i s  necessary here t o  i n t r oduce  some r e l a t e d  concepts. These 
a r e  information, knowledge, competence, and c rea t i v i t y .  The o r d e r i  ng 
of these concepts i s  n o t  random, b u t  represen ts  a  rank ing .  
I n f o m t i o n  i s  t he  most elementary concept. I t  has a ve ry  1  i m i  t e d  
s t r u c t u r e  and can consequent ly  be d isaggregated and aggregated w i t h o u t  
losses .  I t  i s  t h e  sma l l es t  element i n  ou r  system o f  concepts. 
Knowledge i s  s t r ~ ~ c t u r a l  l y  ordered i n f o r m a t i o n .  As a  parab le ,  one 
can view i n f o r m a t i o n  as v a r i a b l e s  whereas knowledge i s  a  s e t  o f  equa t ions  
c o n t a i n i n g  these v a r i a b l e s .  Concepts, ideas, and p a t t e r n s  a r e  subsets 
o f  know1 edge. 
Competence can be seen as embodied knowledge. Th i s  means t h a t  
corr~petence i s  knowledge regu la ted  by t h e  human body i n  i t s  r e l a t i o n s  t o  
o t h e r  humans, machines, and t h e  environment.  T h i s  imp1 i e s  t h a t  compe- 
tence can be subd iv ided  i n t o  a t  l e a s t  t h r e e  s p e c i f i c  types:  
- i n s t r umen t -o r i en ted  competence, 
- s e c t o r - s p e c i f i c  competence, and 
- r e g i o n a l - s p e c i f i c  competence. 
Creat iv i ty  i s  t h e  concept  o f  h i g h e s t  o rde r .  C r e a t i v i t y  presumes t h e  
c a p a c i t y  t o  o r d e r  and r e o r d e r  i n f o r m a t i o n  w i t h  t h e  a i d  o f  a  knowledge 
system. We assume t h a t  t h e  c r e a t i v e  process i s  syne rge t i c .  T h i s  i m p l i e s  
t h a t  i n f o rma t i on ,  knowledge, and competence a r e  b rough t  i n t o  an i n t e n s i v e  
i n t e r a c t i o n  w i t h  each o t h e r  i n  o r d e r  t o  f a s h i o n  new c r e a t i v e  knowledge 
o r  competence. 
To p rov i de  an example o f  these syne rge t i c  i n t e r a c t i o n s  i n  t h e  crea-  
t i v e  process, we r e f e r  t o  t h e  s t o r y  o f  Gutenberg as  t o l d  by A r t h u r  
Koes t l  e r :  
" A t  t h e  dawn o f  t he  f i f t e e n t h  cen tu ry ,  p r i n t i n g  was no 
1  onger a  novel  ty  i n  Europe. P r i n t i n g  f rom wooden b l ocks  
on vel lum, s i l k ,  and c l o t h  a p p a r e n t l y  s t a r t e d  i n  t h e  
t w e l f t h  ce.ntury, and p r i n t i n g  on paper was w i d e l y  p r a c t i c e d  
i n  t h e  second h a l f  o f  t h e  f ou r t een th  cen tu r y .  The b l ocks  
were engraved i n  r e l i e f  w i t h  p i c t u r e s  o r  t e x t  o r  both,  
then t ho rough l y  we t ted  w i t h  a  brown d i s t e m p e r - l i k e  sub- 
stance; a  sheet o f  damp paper was l a i d  on t h e  b l ock  and 
t h e  back o f  t h e  paper was rubbed w i t h  a  s o - c a l l e d  f rot ton - 
a  dabber o r  b u r n i s h e r  - u n t i l  an impress ion  o f  t h e  carved 
re1  i e f  was t r a n s f e r r e d  t o  i t .  Each sheet c o u l d  be p r i n t e d  
on o n l y  one s i d e  by t h i s  method, b u t  t h e  b l ank  backs o f  t h e  
sheets  cou ld  be pas ted  t o g e t h e r  and then gathered i n t o  q u i r e s  
and bound i n  t h e  same manner as manuscr ipt-books. These 
"b l ock  books" o r  qlographs  c i r c u l a t e d  a l r eady  i n  cons ide rab le  
numbers d u r i n g  Gutenberg 's  youth. "  
Oddly enough, t he  s t a r t i n g  p o i n t  o f  Gutenberg's i n v e n t i o n  was n o t  
t he  block-books - he does no t  seem t o  have been acquainted w i t h  them - bu t  
p lay ing-cards.  I n  h i s  f i r s t  l e t t e r  t o  C o r d e l i e r  he wrote: 
For a month my head has been working; a Minerva, f u l l y  
armed, must i ssue  f rom my b r a i n  ... You have seen, as I 
have, p l  aying-cards and p i c t u r e s  o f  sa in ts . .  . These cards  
and p i c t u r e s  a r e  engraved on small p ieces o f  wood, and below 
the  p i c t u r e s  t h e r e  a re  words and e n t i r e  1 ines  a l s o  engraved.. . 
A t h i c k  i n k  i s  a p p l i e d  t o  t he  engraving; and upon t h i s  a 
l e a f  o f  paper, s l i g h t l y  damp, i s  placed; then t h i s  wood, 
t h i s  ink ,  t h i s  paper i s  rubbed and rubbed u n t i l  t h e  back 
o f  t he  paper i s  po l i shed.  Th i s  paper i s  then taken o f f  
and you see on i t  t he  p i c t u r e  j u s t  as i f  t he  des ign  had been 
t raced  upon it, and the  words as i f  they  had been w r i t t e n ;  
t he  i n k  a p p l i e d  t o  t he  engrav ing has become at tached t o  
t he  paper, a t t r a c t e d  by i t s  so f tness  and by i t s  mo is tu re  ... 
We1 1, what has been done f o r  a few words, f o r  a few 1 ines ,  
I must succeed i n  do ing  f o r  l a r g e  pages o f  w r i t i n g ,  f o r  
l a r g e  leaves covered e n t i r e l y  on both sides, f o r  whole 
books, f o r  t he  f i r s t  o f  a l l  books, t h e  B i b l e . .  . 
How? I t  i s  useless t o  t h i n k  o f  engrav ing on p ieces o f  
wood t h e  whole t h i r t e e n  hundred pages.. . 
What am I t o  do? I do n o t  know: b u t  I know what I want 
t o  do: I wish t o  man i f o l d  t he  B ib le ,  I wish t o  have copies 
ready f o r  t he  p i l g r image  t o  A i x  l a  Chapelle. 
Here, then, we have s k i l l  No. 1 : t h e  p r i n t i n g  f rom woodblocks by means 
of rubbing. 
I n  t he  l e t t e r s  which f o l l o w ,  we see him despera te ly  searching f o r  
a s imp le r  method t o  rep lace  t he  l abo r i ous  ca rv ing  o f  l e t t e r s  i n  wood: 
Every c o i n  begins w i t h  a punch. The punch i s  a l i t t l e  r od  
of s tee l ,  one end o f  which i s  engraved w i t h  the  shape o f  
one l e t t e r ,  several  l e t t e r s ,  a l l  these s igns which a re  seen 
i n  r e l i e f  on a c o i n .  The punch i s  moistened and d r i v e n  i n t o  
a p iece of s tee l ,  which becomes the  "hol low" o r  "stamp". I t  
i s  i n t o  these coin-stamps, moistened i n  t h e i r  t u rn ,  t h a t  are 
placed the  l i t t l e  d i s c s  o f  go ld  t o  be conver ted i n t o  co ins  by 
a powerful  blow. 
This  i s  t h e  f i r s t  i n t i m a t i o n  o f  t he  method o f  t ype -cas t i ng .  I t  leads 
Gutenberg, by way o f  analogy, t o  t h e  seal :  "When you a p p l y  t o  t h e  
v e l l  um o r  paper t h e  seal  o f  you r  community, e v e r y t h i n g  has been sa id ,  
eve ry th i ng  i s  done, e v e r y t h i n g  i s  t he re .  Do you n o t  see t h a t  you  can 
repea t  as many t imes as necessary t h e  seal  covered w i t h  s igns  and 
charac te rs?"  
Yet a l l  t h i s  i s  i n s u f f i c i e n t .  He may c a s t  l e t t e r s  i n  t h e  form o f  
co ins ,  o r  seals ,  i n s t e a d  o f  engrav ing t ne  wood, y e t  t h e y  w i l l  never 
make a  c l e a r  p r i n t  by t h e  clumsy rubb ing  method; so l o n g  as h i s  search 
remains con f i ned  t o  t h i s  one and o n l y  t r a d i t i o n a l  method o f  making an 
" i m p r i n t " ,  t h e  problem remains b locked.  To so l ve  it, an e n t i ~ e l y  
d i f f e r e n t  k i n d  o f  s k i l l  must be brought  i n .  He t r i e s  t h i s  and t h a t ;  
he t h i n k s  o f  e v e r y t h i n g  under t h e  sun: i t  i s  t h e  p e r i o d  o f  i ncuba t i on .  
When t h e  f avo rab le  o p p o r t u n i t y  a t  l a s t  o f f e r s  i t s e l f ,  he i s  ready: 
I took  p a r t  i n  t h e  wine harves t .  I watched t h e  wine f l o w i n g ,  
and go ing  back f r om the  e f f e c t  t o  t h e  cause, I s t u d i e d  t h e  
power o f  t h i s  press which no th i ng  can r e s i s t  ... 
A t  t h i s  moment it occurs t o  him t h a t  t h e  same, steady pressure m igh t  
be a p p l i e d  by seal  o r  c o i n  - p r e f e r a b l y  o f  lead,  which i s  easy t o  c a s t  - 
on paper, and t h a t  owing t o  the  pressure, t he  l ead  would leave  a  t r a c e  
on t h e  paper - Eureka! 
... A s imple s u b s t i t u t i o n  which i s  t h e  r a y  o f  l i g h t  ... To 
work then!  God has revea led  t o  me t h e  sec re t  t h a t  I 
demanded of Him ... I have had a  l a r g e  q u a n t i t y  o f  l ead  
brought  t o  my house and t h a t  i s  t h e  pen w i t h  which I 
s h a l l  w r i t e .  
"The r a y  o f  l i g h t "  was t h e  b i s o c i a t i o n  o f  wine-press and seal  - which, 
taken toge ther ,  became the  l e t t e r - p r e s s .  The wine-press has been l i f t e d  
o u t  o f  i t s  con tex t ,  t he  mushy pu lp,  t h e  f l o w i n g  red  l i q u i d ,  t h e  j o l l y  
r e v e l r y  - as S u l t a n ' s  branch was wrenched o u t  o f  t h e  con tex t  o f  t h e  t r e e  - 
and connected w i t h  t h e  stamping o f  ve l lum w i t h  a  sea l .  From now on 
these separate s k i l l s ,  which p r e v i o u s l y  had been as d i f f e r e n t  as t h e  
bu t che r ' s ,  t he  baker ' s ,  and t he  cand les t i ck -maker ' s ,  w i l l  appear 
i n t e g r a t e d  i n  a  s i n g l e ,  complex m a t r i x :  
One must s t r i k e ,  cas t ,  make a form l i k e  t h e  seal  o f  y o u r  
community; a mould such as t h a t  used f o r  c a s t i n g  your  pewter 
cups; l e t t e r s  i n  r e l i e f  l i k e  those on you r  co ins,  and t h e  
punch f o r  produc ing them l i k e  you r  f o o t  when i t  m u l t i p l i e s  
i t s  p r i n t .  There i s  t h e  B i b l e ! "  
Gutenberg had used a l l  h i s  competence i n  p r i n t i n g  technology, b u t  t h e  
c r e a t i v e  process was a f a i l u r e ,  because the competence o f  one area i s  
i n su f f i c i en t .  When the possibiZity t o  print  with lead was combined 
with the  old regionaZ wine pressing competence the printing process 
could be created. 
8. SOME THEORETICAL SUGGESTIONS AT THE MICRO LEVEL 
A theo ry  o f  t he  c r e a t i v e  process a t  t h e  m ic ro  l e v e l  must i nc l ude  
t h r e e  bas i c  concepts: 
- competence (and i t s  r e l a t i o n s h i p  t o  knowledge and i n f o r m a t i o n ) ,  
- synergisms, and 
The s y n e r g i s t i c  r e l a t i o n s h i p  o f  d i f f e r e n t  competences i n  t he  c r e a t i o n  
o f  a new idea has been i l l u s t r a t e d  by t he  p r i n t i n g  process. The funda- 
mental importance o f  s t r u c t u r a l  i n s t a b i l i t y  can be i l l u s t r a t e d  i n  a number 
of ways. The f i r s t  i l l u s t r a t i o n  i s  o f  a more fundamental charac te r .  
Zone o f  bifurcation 
Unstable phase , ( 
Stable phase 
Standard research phase 
Preparation phase 
Creative phase . \ 7 a1 terna- 
(fundamental uncertainty) "new standard research" t i ve  2 
Figure  3. The c r e a t i v e  process as a f l ow .  
S t r u c t u r a l  i n s t a b i l i t y  i s  i l l u s t r a t e d  i n  F i g u r e  3, where t h e  
c r e a t i v e  process can be regarded as a  f l o w .  Shor t ,  uns tab le  b i f u r c a t i n g  
pe r i ods  i n t e r r u p t  l o n g  pe r i ods  o f  s t r u c t u r a l  s t a b i l i t y .  The bas i c  idea  
o f  t h i s  paradigm ( c l o s e l y  r e l a t e d  t o  ideas by  Kuhn and P r i gog ine )  i s  t o  
a s c e r t a i n  "when t h e  t ime  i s  r i p e " .  Only i n  a  p e r i o d  o f  s t r u c t u r a l  
i n s t a b i l i t y  can synergism ( i n  an o therw ise  s tab le ,  l i n e a r ,  system o f  
equa t ions )  be of  a  fundamental importance. 
For  t h e  m a j o r i t y  of a  research  process, t h e  a c t i v i t y  i s  a  s t r u c t u r -  
a l  1  y stab1 e  equ i  1  i b r i um process. The researcher  proves theorems, develops 
success ive hypotheses w i t h i n  t h i s  framework, and improves upon t h e  1  o g i c a l  
cons is tency .  The des igner  i n  a  s i m i l a r  process develops p roduc ts  c rea ted  
i n  an e a r l  i e r  phase, improves upon t h e  f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  the  
p roduc ts  and develops i t s  f i n i s h .  I n  t h i s  s t a b l e  process, however, an 
i n s t a b i l  i t y  may a1 so develop. I n c o n s i s t e n c i e s  become obv ious  i n  t h e  
search f o r  more genera l  ve r s i ons  o f  t h e  theory ,  as t h e  s e t  o f  d e v i a t i o n s  
from fundamental p r o p e r t i e s  i s  en larged.  I n  t h e  development o f  products ,  
problems emerge. En la rg i ng  t h e  t e s t s  and range o f  p o s s i b l e  a p p l i c a t i o n s  
sooner o r  1  a t e r  l eads  t o  t h e  d e t e c t i o n  o f  fundamental s t r u c t u r a l  f l aws .  
I n  a  s i t u a t i o n  o f  fundamental s y n e r g i s t i c  competence, an uns tab le  
s i t u a t i o n  can be u s e f u l l y  t ransformed i n t o  a  c r e a t i v e  s i t u a t i o n .  A  
comp le te l y  new approach t o  an o l d  problem can emerge because t h e r e  i s  
no s t a b i l i z a t i o n  t o  p reven t  t h e  f o r c e  o f  synergism. 
The importance o f  i n s t a b i l i t y  f o r  t h e  development o f  new R & D ideas 
can be i 11 u s t r a t e d  by two examples: 
Example 1  
A t  t h e  end o f  t h e  19 th  c e n t u r y  many t echn i c i ans  were engaged i n  t he  
search f o r  a  moto rd r i ven  a i r c r a f t ,  heav ie r  than a i r .  Many of these 
t echn i c i ans  were ex t r eme l y  competent i n  aerodynamics f o r  non-motor ized 
a i r c r a f t s .  I n  s p i t e  o f  t h i s ,  most o f  them f a i l e d  i n  t h e  c o n s t r u c t i o n  
o f  a  c o n t r o l l a b l e  a i r p l a n e .  The hidden mis take  was t h e i r  b e l i e f  i n  
aerodynamical s t a b i l i t y  as a  r e q u i r e d  p rope r t y .  
The b r o t h e r s  Wr i gh t  ( consc ious l y  o r  unconsc ious ly )  cons t ruc ted  an 
UnstabZs motor i zed  a i r c r a f t .  To t h e  s u r p r i s e  o f  most people, t h i s  
uns tab le  a i r c r a f t  was c o n t r o l l a b l e  i n  t h e  hands o f  a c l e v e r  and f a s t  
p i l o t .  The b r o t h e r s  Wr i gh t  had i n  a  ve r y  p r a c t i c a l  way showed t h a t  
d e s t a b i z i z a t i o n  was a  necessary c o n d i t i o n  f o r  a  new c o n t r o l  s t r a t e g y .  
Example 2 
I n  p i c t o r i a l  and a r c h i t e c t u r a l  design, s t r u c t u r a l  i n s t a b i l  i t y  has 
been e x t e n s i v e l y  employed i n  t he  c r e a t i v e  process. S tab le  e q u i l i b r i u m  
p a t t e r n s  a r e  t h e  conc lus ion  o f  t h e  c r e a t i v e  process. The i n t r o d u c t o r y  
phase i s  a  search f o r  p a t t e r n s  which have a  g r e a t  p o t e n t i a l  f o r  change 
i n t o  a  number o f  poss ib l e  s t a b l e  e q u i l i b r i u m  pa t t e rns .  F i gu re  4 
ill u s t r a t e s  a  hexagon w i t h  somewhat i r r e g u l  a r  r a d i a l  1  ines .  
F i gu re  4. Example o f  a  s t a b l e  e q u i l i b r i u m  pa t t e rn ;  p o t e n t i a l  o f  
c r e a t i v i t y :  0, 
With ve ry  few changes t o  t he  preceding f i g u r e ,  we can generate 
an uns tab le  cube i n  which t h e  two c e n t r a l l y  l o c a t e d  corners  "jump" 
back and f o r t h  i n  an uns tab le  mu1 t i p l e  e q u i l i b r i u m  fash ion  (see 
F igure  5 ) .  
F igu re  5.  Example o f  an uns tab le ,  m u l t i p l e  e q u i l i b r i u m  p a t t e r n ;  
c r e a t i v e  p o t e n t i a l :  3. 
With 1  i t t l e  e f f o r t ,  i t  i s  p o s s i b l e  t o  generate  t h r e e  d i f f e r e n t  s t a b l e  
e q u i l  i b r i u m  p a t t e r n s  o u t  o f  t h i s  uns tab le ,  mu1 t i p l e  e q u i l  i b r i a .  A f t e r  
such a  process, t h e  system i s  no l o n g e r  uns tab le  ( s t r u c t u r a l l y ) ,  b u t  has 
been t rans fo rmed i n t o  a  s tab1 e  e q u i l  i b r i  um p a t t e r n  w i t h o u t  c r e a t i v e  
p o t e n t i a l  s. 
Research, design, and development a re  c r e a t i v e  processes. They 
must be fundamenta l l y  unce r t a i n .  T h i s  fundamental u n c e r t a i n t y  i s  a  
consequence o f  s t r u c t u r a l  i n s t a b i l i t y ,  which i s  t h e  fundamental 
p r e c o n d i t i o n  f o r  t h e  c r e a t i o n  o f  new, more s a t i s f y i n g  s t a b l e  e q u i l  i- 
b r i um s t r u c t u r e s .  Mu1 t i p l e  competence and s t r u c t u r a l  i n s t a b i l i t y  a r e  
thus  two necessary c o n d i t i o n s  f o r  t he  c r e a t i v e  process. 
9. THE CREATIVE REGION 
We have now developed some ideas  concern ing t h e  c r e a t i v e  process. 
One o f  t h e  bas i c  i n g r e d i e n t s  i s  t h e  s t r u c t u r a l  i n s t a b i l i t y  o f  a  human 
b r a i n  i n t e r a c t i n g  w i t h  o b j e c t s  o r  t h e o r i e s .  The s t r u c t u r a l  i n s t a b i l i t y  
of the human brain i s  a precondition for probing beyond the immediately 
obvious. The synergistic elements of the object or theories under study 
can only occur i f  a structural instabil i t y  i s  generated. 
The goal of th is  section i s  to develop th is  micro-theory o f  creat ivi ty 
a t  a social level - the meso level of the region. Our problem i s  to  define 
the environmental conditions a t  the regional level that can stimulate a 
creative development a t  the social level.  I t  i s  almost impossible to judge 
if  a current environment i s  more creative t h a n  others. We could use exam- 
ples from the ancient Greek c i ty  region of Miletos or descriptions of Paris, 
London, or Brussels in the 1 9 t h  century. I t  would also be possible to 
concentrate on post-war conditions in New York, Tokyo, or Sil icon Valley. 
Instead, Vienna during the period 1890 t o  1930 i s  the choice of region. 
The reason for  choosing Vienna i s  the ample evidence of creat ivi ty there 
during th is  period. 
What was the reason for  the fundamental sc ient i f ic  and a r t i s t i c  
achievements in a diverse se t  of ac t iv i t i e s  l ike philosophy, theory of 
science, economics, medicine, psychiatry, mathematics, poetry, music, 
painting, architecture, theater,  a n d  journalism in the same period a n d  
* 
in the same region (Janik and Toulmin, 1973)1 
Vienna a t  th i s  time was a c i ty  of many scholarly institutions 
generating a very high level of academic competence. A few of the 
important names will suffice: 
- Ludwig Wittgenstein, philosopher, 
- Sigmund Freud, psychologist, 
- Joseph Schumpeter, economist, 
- Ludwig Bol tzmann, physicist, 
- Heinrich Hertz, physicist, 
- Otto Wagner, archi tect ,  
- Adolf Loos, archi tect ,  
- Gustaf Klimt, painter, 
- Karl Kraus, pol i t  i cal i deol ogi s t .  
These provided the necessary level of competence and the diversity required 
for a patentially synergetic situation. 
3r 
The negative side of this  development was the emergence of new political 
movements, pol i t i ca l  upheaval, and even civi l  war. 
Communication i s  a  key word i n  understanding t h e  fundamental r o l e  
o f  metropol  i t a n  reg ions  i n  t h e  c r e a t i v e  process. I n  those days, Vienna 
was - t h e  cen te r  of i n t e r n a t i o n a l ,  c u l t u r a l  , pol  i t i c a l  , and s c i e n t i f i c  
communications; p a r a l l e l e d  o n l y  by  P a r i s .  Vienna was a l s o  an ex t reme ly  
dense c i t y  w i t h  overcrowding and a  r i c h  p u b l i c  l i f e .  C l o s e l y - k n i t  ne t -  
works were f a c i l i t a t e d  by c l o s e  wa lk ing  d is tances  between a l l  l ea rned  
i n s t i t u t i o n s .  A l l  t h e  c u l t u r a l  and s c i e n t i f i c  p e r s o n a l i t i e s  were i n  
permanent communication w i t h  each o the r ,  even across the  academic 
borders.  
Vienna was a l s o  a  c i t y  o f  u n s a t i s f i e d  human needs. The crumb1 i n g  
empire was i n  a  permanent s t a t e  o f  p o l t i c a l  r ep ress ion  on a l l  s o c i a l  
l e v e l s .  The F i r s t  World War p rov ided  t h e  complete d e s t a b i l i z a t i o n  o f  
t h e  p o l i t i c a l  system, p ropagat ing  a  wave o f  c r e a t i v i t y  through t he  
s o c i a l  network.  
On t h e  b a s i s  o f  t h i s  and s i m i l a r  examples, we may concl  ude t h a t  
c r e a t i v i t y  as a  s o c i a l  phenomenon p r i m a r f l y  develops i n  r eg ions  charac- 
t e r i  zed by: 
1.  High l e v e l s  o f  competence. 
2. Many f i e l d s  of academic and c u l t u r a l  a c t i v i t y ;  
3 .  E x c e l l e n t  p o s s i b i l i t i e s  f o r  i n t e r n a l  - and e x t e r n a l  communication; 
4. Widely shared percep t ions  o f  u n s a t i s f i e d  needs; and 
5. A  general s i t u a t i o n  o f  s t r u c t u r a l  i n s t a b i l  i t y  f a c i l  i t a t i n g  
a  s y n e r g e t i c  development.. 
10. DISEQUlLIBRIA AND THE CONTROL OF CREATIVITY 
The s o c i a l  sc iences have borrowed concepts and t heo r i es ,  p r i m a r i l y  
from c l a s s i c a l  phys ics .  Th i s  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  a n a l y s i s  o f  
economic e q u i l  i b r i a .  
I n  r e c e n t  years,  d i sequ i  1  i b r i u m  a n a l y s i s  has become i n c r e a s i n g l y  
popu la r  among economists as w e l l  as p h y s i c i s t s  and chemists.  Much of 
t he  i n t e r e s t  i n  thermodynamics i s  now concentrated on d i s s i p a t i v e  
s t r u c t u r e s  which a re  f a r  away f rom e q u i l i b r i a .  I n  these s t r u c t u r e s ,  
macro r e g u l a r i t y  of processes may occur  d e s p i t e  v i o l e n t  f l  uc tua t i ons  
on lower  l e v e l s .  Order th rough  d i s o r d e r  i s  t he  r u l e  i n  these s t r u c -  
tu res .  I d e n t i c a l  exper iments i n  these systems do n o t  y i e l d  e x a c t l y  t he  
same r e s u l t s .  React ions do n o t  f o l l  ow i d e n t i c a l  p a t t e r n s  through t ime.  
The old Japanese a r t  of origami provides an interesting example of 
these principles. Figure 6 depicts the possible shapes that  can be made 
from quadratic paper with predrawn folding lines which are the same 
for  a l l  final shapes. The path from the f i r s t  potential pattern to the 
nine alternative figures traverses a few strategic  bifurcation points. 
Intermediate stages do not reveal the final outcome. I t  i s  those stages 
when the final outcome i s  uncertain that are the stages of structural 
ins tabi l i ty  and creat ivi ty.  
Figure 6 .  Possible shapes that can be made from quadratic paper - 
the old Japanese a r t  of origami. 
11. CONCLUSIONS 
It i s  d i f f i c u l t  t o  assess t he  importance of  s t r u c t u r a l  i n s t a b i l i t y  
f o r  t he  s o c i a l  sciences. I n  terms o f  understanding t he  c o n d i t i o n s  o f  
research, development, and c r e a t i v i t y ,  however, i t  i s  e s s e n t i a l .  The 
most impor tan t  conc lus ions  f rom our  d i scuss ion  are:  
e Unce r ta i n t y  i s  fundamental t o  research and c r e a t i v i t y .  
Unce r ta i n t y  of t h i s  k i n d  i s  n o t  an obs tac le  b u t  r a t h e r  a  precon- 
d i t i o n  f o r  a  c r e a t i v e  s t a t e .  I n  t h i s  con tex t ,  i t  i s  e q u i v a l e n t  
t o  s t r u c t u r a l  i n s t a b i l  i t y .  
Long-term techno1 o g i c a l  f o r e c a s t i n g  i s  thus  imposs ib le ,  except  a t  
t he  macro l e v e l .  
Research and c r e a t i v i t y  a r e  n o t  c o n t r o l l a b l e  processes, except  
i n  macro terms (e.g., money and human resources a l l o c a t e d  t o  
such a c t i v i t i e s ) .  
P o t e n t i a l  c o n s t r a i n t s  on c r e a t i v i t y  can be a l l e v i a t e d  by s o c i e t y .  
C r e a t i v i t y  i s  o f t en  r e a l  i z e d  a t  t he  reg iona l  l e v e l .  
A c r e a t i v e  r e g i o n  i s  cha rac te r i zed  by 
- s t r o n g l y  perce ived u n s a t i s f i e d  needs, 
- i n t e n s i v e  i n t e r n a l  and ex te rna l  communication, 
- a wide spectrum of competences (a  wide and deep c u l t u r a l  
environment),  and 
- a s i t u a t i o n  o f  s t r u c t u r a l  i n s t a b i l i t y ,  perce ived  by many 
as a s t a t e  o f  fundamental u n c e r t a i n t y .  
No s i n g l e  r e g i o n  i s  permanent ly c r e a t i v e .  
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